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Abstract
Introduction—Continuous evaluation of child survival is needed in sub-Saharan Africa where
HIV prevalence among women of reproductive age continues to be high. We examined mortality
levels and trends over a period of ~20 years among HIV-unexposed and exposed children in
Blantyre, Malawi.
Methods—Data from five prospective cohort studies conducted at a single research site from
1989-2009 were analyzed. In these studies, children born to HIV-infected and uninfected mothers
were enrolled at birth and followed longitudinally for at least two years. Information on socio-
demographic, HIV infection status, survival and associated risk factors was collected in all studies.
Mortality rates were estimated using birth-cohort analyses stratified by maternal and infant HIV
status. Multivariate Cox regression models were used to determine risk factors associated with
mortality.
Results—The analysis included 8,286 children. From 1989-1995, overall mortality rates (per 100
person-years) in these clinic-based cohorts remained comparable among HIV-uninfected children
born to HIV-uninfected mothers (range 3.3-6.9) or to HIV-infected mothers (range 2.5-7.5). From
1989-2009, overall mortality remained high among all children born to HIV-infected mothers
(range 6.3-19.3), and among children who themselves became infected (range 15.6-57.4,
1994-2009). Only lower birth weight was consistently and significantly (P<0.05) associated with
higher child mortality.
Conclusions—HIV infection among mothers and children contributed to high levels of child
mortality in the African setting in the pre-treatment era. In addition to services that prevent
mother-to-child transmission of HIV, other programs are needed to improve child survival by
lowering HIV-unrelated mortality through innovative interventions that strengthen health
infrastructure.
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Introduction
In the early 1980s, simple interventions such as the provision of safe water supply, child
immunizations, use of oral rehydration therapy and increases in maternal education led to
substantial gains in child survival in sub-Saharan Africa.1 However, the HIV epidemic has
had a negative impact on child survival and may have reversed declining mortality trends.2,3
In 2000, administering single-dose nevirapine (sdNVP) to an HIV-infected mother and her
newborn was found to substantially decrease mother-to-child transmission (MTCT) of HIV.4
Additional strategies such as infant extended antiretroviral prophylaxis and maternal highly
active antiretroviral therapy (HAART) for prophylaxis and treatment have also become
available.5-7 Nonetheless, several reports suggest stagnant or high levels of child mortality
in sub-Saharan Africa.8,9
In this analysis, data collected over 20 years (1989-2009) from multiple prospective studies
at a single research site in Malawi are presented. It is rare to have longitudinal data on
mortality among children by HIV status. Even though the data presented are from hospital-
based studies, rather than community-based, collectively, they are useful for examining
trends over time by maternal and child HIV status. We examine and summarize child
mortality levels and trends and assess risk factors associated with mortality.
Methods
Data from five prospective HIV research studies conducted in Blantyre, Malawi from 1989
to 2009 are included in this analysis: ICAR (International Collaborative AIDS Research,
1989-92),10 PAVE (Preparation for AIDS Vaccine Evaluation, 1993-95),10 PAVE2-
HIVNET (HIV Network, 1994-97),11 NVAZ (NVP/zidovudine [ZDV or AZT],
2000-03),12,13 and PEPI (Post-Exposure Prophylaxis of Infants, 2004-09).6,14 In each study,
women were screened from the same geographic areas and enrolled at the same government
referral hospital (Queen Elizabeth Central Hospital [QECH]) and surrounding health centers.
QECH is the largest referral hospital in the southern region of Malawi and women attending
QECH are mostly urban populations..
Key study characteristics are summarized in Table 1. The study designs were similar: all
were prospective cohort studies in which children (and their mothers) were followed
longitudinally from time of birth to at least two years of age. Women were counseled and
screened for HIV either antenatally or when they presented for delivery in the hospital. All
studies enrolled HIV-infected women; three studies from the early period of the Malawi’s
HIV epidemic (ICAR, PAVE and PAVE2-HIVNET) also enrolled HIV-uninfected women
to mask the HIV status of enrolled women and to provide a comparison group. ICAR, PAVE
and PAVE2-HIVNET (1989-97) were observational studies to determine rates of MTCT of
HIV and risk factors associated with transmission. NVAZ and PEPI (2000-2009) were
clinical trials to determine the efficacy of interventions to reduce MTCT of HIV (NVAZ:
short course post-exposure prophylaxis with NVP/AZT; PEPI: extended infant post-
exposure prophylaxis with NVP and ZDV). All studies were approved by ethical review
committees in the United States (Johns Hopkins Bloomberg School of Public Health) and
Malawi (College of Medicine and Ministry of Health ethics committees). Women were
counseled and signed informed consent forms.
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HIV status was determined using HIV ELISA and Western blot testing. Rapid testing was
used in the PEPI study. Study questionnaires were administered to collect demographic,
behavioral and clinical information. Physical examinations were performed on both mother
and infant at each visit. The schedule of follow-up visits was generally similar across studies
and included visits at 6-9 weeks and 12 weeks postpartum, and then every three months until
study completion.
The infant HIV testing strategy changed over time. For the earlier studies, ICAR and PAVE,
infants were tested for HIV using serology (ELISA and Western blot tests). At that time,
sensitive PCR testing methods were not available and almost all infant HIV studies in Africa
relied on serological testing at age 12 months or later. A major limitation of this strategy is
that infants could be lost before age 12 months due to death or other causes. PCR testing of
infant blood samples for HIV was used in the PAVE2-HIVNET, NVAZ and PEPI studies.
Due to these differences in infant HIV testing methods, we separately compared mortality of
infants born to HIV-infected and uninfected mothers from time of birth in the ICAR and
PAVE studies (1989-1995). Using infant HIV infection status after 12 months would have
limited mortality analyses to the period after one year of age. In PAVE2-HIVET, NVAZ and
PEPI (1994-2009), which used PCR to establish infant HIV infection from time of birth,
mortality is analyzed based on infant (rather than maternal) HIV infection status; mortality
of HIV-infected children is compared with mortality of HIV-uninfected children.
The PAVE2-HIVNET study was a follow-up study of a large trial15 that enrolled both HIV-
infected and uninfected women. In PAVE2-HIVNET, infants born to HIV-infected women
with known HIV status from time of birth and a sample of infants born to HIV-uninfected
women were enrolled after they had survived the first year. Therefore, in the PAVE2-
HIVNET study, mortality estimates for only year two are included. This study provided an
opportunity to estimate mortality based on both maternal HIV and infant HIV infection
status based on PCR. NVAZ and PEPI enrolled only HIV-infected women.
Mortality rates were calculated taking into account the year of birth (cohort) and age at time
of event, which could be either death or censoring due to loss to follow-up or study
termination. Methods for birth cohort analyses have been described extensively in the
literature.16,17 To assess changes in mortality across time, children were grouped by year of
birth, rather than age; for example, rather than reporting one mortality rate for all children
0-12 months, using birth cohort analysis, we were able to report multiple rates for 0-12
month olds based on the year they were born. Children were grouped into 2-year birth
cohorts beginning with the 1989-91 cohort and ending with the 2007-08 cohort. For
mortality rates, the numerator was the number of child deaths in a particular age window
(e.g. 0-12 months) and the denominator was person-years children contributed from birth to
death or censoring during the same age window. The mortality rates, expressed per 100
person-years (PYs), and exact 95% confidence intervals (CI) are presented for each birth
cohort, by age group (0-12 months, 12-24 months and, for the earlier studies, 24-36 months).
Infant, child and overall mortality rates were considered comparable within and between
cohorts when 95% CI overlapped.
Risk factors for child mortality for each cohort were analyzed using Cox proportional hazard
models. The proportionality assumption for the Cox model was checked using graphical and
statistical methods and was generally met, with one exception: birth weight. However, upon
including an interaction term in the model between infant age (our time variable) and birth
weight, inferences were not affected; the direction, strength and significance of the
associations were not altered. Thus we present the most parsimonious model, without the
interaction term. The selection of these factors was based on epidemiological relevance,
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statistical significance in univariate models at the P<0.05 level, biological considerations,
and the availability of the same risk factor data across all studies to allow comparison of
underlying trends. These factors included infant gender, birth weight, birth year, infant age,
maternal age, parity, education and having electricity at home as an indicator of socio-
economic status (SES). In the multivariate models, infant age was excluded because it was
highly correlated with birth year. All P values presented are two-sided and considered
statistically significant at <0.05. Statistical analyses were conducted using SAS version 9.2
(SAS Institute, Inc., Cary, North Carolina).
At the time of ICAR, PAVE, PAVE2 and NVAZ, most women in Malawi were
breastfeeding for 24 months. The World Health Organization (WHO) breastfeeding
recommendations for women with HIV infection were not implemented until 2003 and were
adopted only in the most recent cohort, the PEPI study. Because almost all women were
breastfeeding, we did not include this variable in the analyses of risk factors for all cohorts.
However, we examined the effect of breastfeeding as a time-varying covariate in separate
models and using data from the NVAZ study (2000-03), where no change in breastfeeding
was adopted, and the PEPI study (2004-09), where women were counseled to follow WHO
recommendations at that time.18
Results
Overall, 8,212 mothers and 8,286 children were included in this analysis from the five
studies (1989-2009). Of these, 2,860 (1,438 HIV-infected and 1,422 HIV-uninfected)
women and 2,909 infants were included from the ICAR, PAVE and PAVE2-HIVNET
studies (1989-97). Additionally, 5,352 HIV-infected mothers, 1,022 HIV-infected infants
and 4,355 HIV-uninfected infants were included from the NVAZ and PEPI studies
(2000-09). There were no major differences at baseline in socio-demographic characteristics
of women and children recruited from 1989 to 2009. Characteristics including mean
maternal age, parity, education, infant gender, and mean infant birth weight were
comparable among HIV-infected women and their children across all studies, and among
HIV-uninfected women and their children in ICAR, PAVE and PAVE2-HIVNET.
Additional information from the specific studies is provided in the references in Table 1. In
all cohorts, with the exception of the most recent PEPI study cohort who received
counseling to wean infants early, the frequency of breastfeeding was over 90% at 12 months
postpartum.
Table 2 shows that from 1989-95, the cohort-age-specific mortality rates among children
(0-36 months) born to HIV-infected mothers were consistently several folds higher than the
mortality rates of children born to HIV-uninfected mothers, with a few exceptions when the
number of observations was small. During 1989-91 the mortality rate of infants (0-12
months) born to HIV-infected mothers was 26.5 per 100 PYs (95% CI 21.9-31.8) compared
to 8.6 per 100 PYs among infants of HIV-uninfected mothers (95% CI 6.2-11.6), giving a
rate ratio of 3.1. There were no substantial changes in mortality rates during the years
1989-95 among children born to HIV-infected mothers, or to uninfected mothers, as
evidenced by overlapping 95% CI (Table 2: mortality rates in columns 4,7,10 and 13).
Similarly, from 2000 to 2008, among children (infected and uninfected) born to HIV-
infected mothers, there was fluctuation in mortality rates but no consistent increase or
decline. Relative to the 1989-95 period, it appears that mortality rates started to decline in
the later years from 2000-08 in both the 0-12 and 12-24 month age groups. Of note, from
2004 onward, in keeping with national guidelines, all HIV-infected mothers were counseled
at each visit to breast-feed exclusively for 6 months and to consider weaning thereafter.
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The mortality rates of HIV-infected and uninfected children from 1994-2004 (PAVE2-
HIVNET and NVAZ) are shown in Table 3. Mortality rates from 2004-09 (PEPI) are shown
in Table 4. The cohort-age-specific mortality rates were consistently higher in HIV-infected
children compared to those in HIV-uninfected children (e.g., in 1994-95 the mortality of
HIV-infected children [12-24 months] was 38.5 versus 5.7 per 100 PYs in HIV-uninfected
children, giving a rate ratio of 6.8). Similar to mortality trends of children born to HIV-
infected or uninfected women during the earlier years (1989-95), there were no substantial
changes over time in the mortality rates of HIV-infected or HIV-uninfected children during
the later years (1994-2004 and 2004-09; Tables 3 and 4, columns 5, 8 and 11). The 95% CIs
overlapped across time points within each cohort. Also, despite differences in time periods
when these studies were conducted, the mortality rates of HIV-uninfected children shown in
Tables 3 and 4 (1994-2009) were comparable to the mortality rates of children born to HIV-
uninfected mothers shown in Table 2 (1989-95). The overall mortality rates of children born
to HIV infected mothers shown in Table 2 (column 13) were lower than mortality rates
shown in Tables 3 and 4 (column 11) when the child was HIV-infected.
Risk factors associated with child mortality are presented in Table 5. The only variable
associated with lower child mortality in all models from 1989-2009 was infant birth weight.
After adjusting for other factors, higher birth weight (per 100 grams) was associated with
lower mortality (aHR 0.89-0.96). Higher SES (as indicated by the electricity in the
household) was also associated with lower child mortality in most adjusted models (aHR
0.47-0.87), particularly in the earlier period (1989-95). In the earlier period, in models A and
C (children born to HIV-infected mothers and children born to HIV-infected or uninfected
mothers, respectively) infant birth year was significantly (p<0.05) associated with lower
mortality (aHR 0.83 and 0.86). Additional analyses that adjusted for breastfeeding in the
PEPI and NVAZ studies (data not shown in tables), indicated that breastfeeding was
strongly associated with lower mortality for both HIV-infected (aHR 0.45, p<0.0001) and
uninfected infants (aHR 0.446, p<0.001) and overall (aHR 0.69, p=0.02), after controlling
for other factors.
Discussion
This analysis examined mortality data by HIV status from several prospective HIV studies
serially conducted in the pre-treatment era in Malawi, from 1989 to 2009. As reported in
previous studies from sub-Saharan Africa,19,20 in the current analysis, mortality among
HIV-infected children was substantially higher than among uninfected children. This pattern
was also observed among children of HIV-infected mothers compared to those with HIV-
uninfected mothers. The mortality of children born to HIV-infected mothers was lower than
in children who were themselves infected because children born to infected mothers include
both HIV-infected and uninfected infants; typically, there are more uninfected than infected
infants. It was not possible to avoid this limitation in the earlier studies when infant HIV
testing with PCR was not available.
Mortality differences by HIV status persisted in all cohorts and time periods. In Malawi,
where HIV prevalence is high among women of reproductive age, only supportive HIV
services were possible prior to introduction of effective programs to prevent MTCT of HIV
and antiretroviral treatment. The lack of consistent mortality declines may be a reflection of
the limited services available for HIV infected women and their children. HAART became
available in 2006 in Malawi, toward the end of the study period in this analysis; mothers and
children in the later studies, though eligible for HAART, were not on treatment and this
could have led to the sustained high child mortality. The mortality rates reported here serve
as baseline levels from which to monitor changes in mortality resulting from the
introduction and expansion in antiretroviral treatment coverage.
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The risk factor independently associated with higher mortality in this analysis was lower
birth weight (Table 5). In communities where malnutrition is common, it appears that low
birth weight may have long-term consequences. In Malawi, several studies have reported
high prevalence of child stunting, underweight and wasting.21,22
A study of seven randomized trials in East, West and South Africa reported mortality rates
among children up to age 24 months (born before 2000) of 4.1 and 37.4 deaths per 100
child-years among HIV-uninfected and infected children, respectively (rate ratio 9.1).23
Mortality was associated with maternal death and timing of infant HIV infection but not
breastfeeding. Our results from this time period were similar for HIV-infected children but
higher among uninfected children (5.7 deaths/100 PY in 1994-95 and 6.0 in 2000-1)
suggesting the background risk of death, independent of HIV, may have been higher in our
population than in the seven trials. A similar pattern was observed in a separate pooled
analysis by Marston et al.24 This disparity may help explain why mortality did not
consistently or substantially decline in our study population over time. Neighboring Zambia
has seen child mortality decline over the same time period as in our study. This may be due
to the earlier roll-out of interventions and higher HAART coverage (85% of all those in need
of treatment compared to 63% in Malawi).25
Child immunization coverage for diphtheria, tetanus, pertussis, poliomyelitis and BCG has
generally remained high in Malawi. According to the 2010 Malawi Demographic and Health
Survey (MDHS), coverage in Blantyre steadily decreased between 1992 and 2004, but
rebounded by 2010. In 2010, nationally, 81% of children were fully immunized by 24
months (versus 64% in 2004), with coverage lower in Blantyre (74%) than nationally. The
immunization program in Malawi could be re-examined to identify additional vaccines to
combat respiratory and diarrheal disease, in particular rotavirus. The addition of the
pneumococcal vaccine in late 2011 is anticipated to have a significant impact on child
health.
Furthermore, maternal care should be strengthened before, during and after pregnancy to
ensure better care for the child. For example, while sdNVP and opt-out HIV testing for
pregnant women were adopted in Malawi in 2001 and 2006, respectively, and are nearly
universal, HAART for pregnant and breastfeeding mothers, infant feeding counseling and
safer obstetric practices at the time of delivery are reaching only one-half of the women who
need them.26 These interventions are efficacious but implementation has been slow and
coverage inadequate25,27; they were also not routinely implemented at the time of these
studies. Not surprisingly, despite the increase in HAART coverage for adults in Africa,
pediatric HIV treatment is yet to reach the adult coverage levels.28,29
These interventions have the potential to reduce child mortality among HIV-exposed infants,
but not among mothers and children not infected with HIV. In addition to continued efforts
to improve vaccination and PMTCT service coverage, other factors contributing to mortality
must be ascertained and addressed to achieve improvements in overall child survival.
Studies have previously reported on clinical morbidity patterns and the nutritional status of
HIV-infected and uninfected children in Malawi.30-33 These studies also provided
preliminary data on causes of death, mostly from history and verbal autopsy. Diarrheal,
respiratory (including TB) and parasitic diseases in addition to nutritional deficiencies
remain the major causes.34 Innovative and rapid diagnostic tools are needed to identify these
common pediatric infections to guide clinical care.
The weaknesses of the health care system in resource-constrained settings, including a
shortage of trained personnel, medical supplies and efficient clinic operations, have been
extensively discussed.35-37 Strengthening the health care system and structural interventions
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will be vital to improve survival of children and their mothers. UNAIDS and WHO have
also recognized the importance of integrating HIV interventions into family planning,
maternal and child health services.38
Similar to the trends we observed, during the earlier years (1990-99), Malawi national
survey data showed no substantial declines in under-five child mortality.39 However, more
recent survey data for Blantyre District show reductions in infant mortality (from 90 deaths
per 1000 live births and in 1994-20004 to 69/1000 in 2000-10) and overall child mortality
(from 69 deaths per 1000 children aged 12-59 months to 44), though not neonatal
mortality.39,40 These data are based on household, cross-sectional surveys conducted every
5 years, and are not stratified by HIV infection. The studies in this paper were clinic-based.
Women who attend clinics are likely a selected population, representative of urban and
suburban women at higher risk than the survey population. MDHS also excluded women
with a pregnancy or birth in the two months prior to the survey. Direct comparisons between
study and survey data should be made cautiously.
The socio-demographic characteristics of the 2010 survey population from Blantyre District
and the PEPI study population, which overlaps most closely in time with MDHS, were both
similar and different. Similar proportions of households had electricity. More women in
PEPI completed some primary or secondary school (53% and 36% respectively) than in the
MDHS (43% and 24%). Similar proportions of men completed some primary education
(32% and 34%), but only 29% in Blantyre District completed some secondary school versus
64% among husbands of mothers in PEPI. Most (92%) PEPI mothers were married
compared to 59% in a stable union in the MDHS data. These differences between the survey
and study populations may partially explain differences in child mortality trends.
Some limitations to the analysis were inevitable. Despite our efforts to search for secular
trends and stratify for seasonal changes over time, some underlying social and
environmental changes were not measured and may have affected the interpretation of
results. The clinic-based nature of these studies may limit generalizability of findings
beyond populations in similar settings. Our estimates could be regarded as minimum
estimates, since they refer to children in research studies who had access to better health
care than outside research settings. Other factors such as selection criteria in the recent
clinical trials may limit comparability of findings to survey data.
A major strength of this investigation is the ability to analyze data from several cohort
studies, an opportunity that is rare due to the time, cost and logistical constraints of
conducting these studies. They had a similar design and were conducted in the same hospital
and health centers by a single research project. Unlike national survey data in Malawi, these
studies provided information on biological factors including infant HIV status. With
expanding access to HIV treatment, these data from the pre-treatment era, prior to treatment
scale-up, will be valuable for long-term comparisons to determine the population level
impact of current and future interventions.
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